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Attorney Docket No.: 0180154

REAL PARTY IN INTEREST

The real party in interest is Advanced Micro Devices, Inc.

RELATED APPEALS AND INTERFERENCES

There are no related Appeals or Interferences.

STATUS OF CLAIMS

Claims 1-2, 4-6, 8.-9, and 11-13 are pending, and claims 3, 7, 10, and 14-20 were
cé,nceled in previous amendments. Claims 1-2, 4-6, 8-9, and 11-13 have been finally
rejected in a Final'Rejection dated July 26, 2005. This Appeal is directed to the rejection
of claims 1-2, 4-6, 8-9, and 11-13 which appear in the attached “Appendix of Claims on

Appeal.”

STATUS OF AMENDMENTS

No claim amendments have been entered after issuance of the Final Rejection of

July 26, 2005.
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SUMMARY OF CLAIMED SUBJECT MATTER

Claim 1

Independent claim 1 defines a method for forming a field-effect transistor (e.g.,
field-effect transistor 202 in Figure 2) on a substrate (e.g., substrate 204 in Figure 2). The
method includes a step of using a silicon tetraéhloride (“SiCly”) precursor in an atomic
layer depositidn (“ALD”) process to form a buffer layer (e.g., ALD buffer layer 212 in
Figure 2) on the substrate. Thereafter, a high-k dielectric layer (e.g., high-k dielectric
layer 214 in Figure 2) is formed over the ALD buffer layer. The high-K dielectric layer

can be made of aluminum oxide, hafnium oxide, or zirconium oxide.

Claim 2

Claim 2 depends from claim 1 and claims a subsequent step of forming a gate
. electrode layer (e.g., gate electrode layer 216 in Figure 2) over the high-k dielectric layer.
Cllaim 2 thus clarifies that the ALD buffer layer is utilized in the gate of the field-effect

transistor.

Claim 8
Independent claim 8 deﬁries a method substantially similar to that defined by

independent claim 1.
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Claim 9
Dependent claim 9 defines a method substantially similar to that defined by

dependent claim 2.

GROUND(S) OF REJECTION TO BE REVIEWED ON APPEAL

A.  Claims 1, 4-6, 8, and 11-13 under 35 USC §103(a) as being unpatentable over U.S.
Patent No. 6,563,183 to En et al (hereinafter “En”’) in combination with U.S.
Patent Publication No. 2005/0048765 to Kim (hereinafter “Kim™).

B. Claims 2 and 9 under 35 USC §103(a) as being unpatentable over En in

combination with Kim.

ARGUMENT

A. Rejection of claims 1, 4-6, 8, and 11-13 under 35 USC §103(a) as being
unpatentable over En in combination with Kim.

Applicant respectfully submits that the present invention, as defined by amended
independent claims 1 and 8, is patentably distinguishable over En and Kim, either singly
or in combination.

En is directed to a gate array with multiple dielectric; properties. According tb En,
an integrated' circuit is fabricated on a semiconductor substrate, including first and second
field effect transistors. The first field effect transistor includes a first polysilicon gate

positioned above a first channel region of the substrate and isolated from the.first channel
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region by a first dielectric layer extending the entire length of the first polysilicon gate.
The first dielectric layer includes a first dielectric material with a first dielectric constant.
The second field effect transistor consists of a second polysilicon gate positioned above a
second channel region on the substrate and isolated from the second channel region by a
second dielectric layer extending the entire length of the second polysilicon gate. The
second dielectric layer has a seéond'dielectric material with a second dielectric constant.
The first dielectric constant and the second dielectric constant may be different. See the
flow chart of Figure 2, and Figures Sa through 5i and their related descriptioﬁs in En. |

According to En, utilization of different dielectrics with different dielectric
constants results in a gate array that can include smaller, faster transistors having a high
dielectric constant, with additional ﬂexibility in that transistors with different operating
properties can be fabricated and used. See, column 10, lines 13-21 of En.

However, En is not directed to formation of a thin, high quality buffer layer
utilizing a silicon tetrachloride precursor in a field effect transistor in order to prevent the
problems associated with transistor gates having low quality, non-uniform, thick, lower-k,
and pin-holed dielectrics Which in turn result from randomly and unintendedly grown
thermal oxide at the silicon/high k interface in the gate of the transistor. See, for example,
page 8, line 20 through page 9, line 9 of the presenf application. -Moreover, the present
invention teaches use of aluminum oxide, which is specifically suitablé foruseasa high—

k dielectric over an ALD silicon oxide layer and in the gate of a transistor.
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Thus, the_: present invention discloses and claims “utilizing a silicon tetrachloride
precursor in an atomic layer deposition process to form a buffer layer” on the substrate
and “forming a high-k dielectric layer over [the] buffer layer, [the] high-k dielectric layer
comprising aluminum 'oxide.” -In addition to the fact that En does not address the
problems addressed by the present invention, En does not disclose or suggest, for
example, use of silicon tetrachloride precursor, nor use of aluminum oxide as a high-k
dielectric. Moreover, En does not disclose or suggest use of an ALD silicon oxide buffer
layer formed with silicon tetrachloride precursor and an»overlying high-k dielectric layer
formed with aluminum oxide. As such, the present invention, as defined by the amended
claims, is patentably distinguishable over En.

The Examiner has cited Kim as disclosing use of silicon tetrachloride to form
oxide in an ALD process. However, Kim is directed to sealing pores in a low-k dielectric
damascene process for férming conductive layers. See, for example, Figure 3A of Kim
and its related description. As such, Kim specifically teaches away from use of an ALD
layer in conjunction .with high-k dielectrics. For example, Kim does not disclose or
suggest “forming a high-k dielectric layer over [the] buffer layer, [the] high-k dielectric
layer comprising aluminum oxide.” Moreover, Kim is not directed to fabrication of a
field effect transistor, but to the formation of conductive patterns in a damascene process.

The Examiner has stated that Kim is cited for suggesting that an ALD layer formed
with silicon tetrachloride precursor can be used in a transistor utilizing a high-k gate

dielectric. However, there is no suggestion whatsoever in Kim for such a departure from

Page 6 of 14
H1877



Attorney Docket No.: 0180154

the teachings of Kim, where Kim in fact discloses sealing pores in a low-k dielectric
damascene process. It is néted that Applicant has not claimed that the invention has for
the first time utilized an ALD layer, ndr that the invention has for the first time utilized a
high-k dielectric. Likewise, Applicant has not claimed that the invention is about forming
an ALD layer with silicon tetrachloride precursor. Applicant has merely claimed that the
combination of an ALD buffer layer formed with silicon tetrachloride precursor, and a
high-k dielectric formed with aluminum oxide, both in a field effect transistor, is novel
and inventive. It is submitted that Kim does not provide suggestions or teachings to cure
the deficiencies of En. In other words, the general proposition that an ALD layer can be
formed with silicon tetrachloride precursor does not suggest or overcome the deficiencies

of En discussed above.

B. Rejection of claims 2 and 9 under 35 USC §103(a) as being unpatentable over

En in combination with Kim.

Applicant submits that, at a minimum, the invention defined by def;endent claims 2
and 9 is patentably distinguishable over En and Kim, either singly or in combination.

As discussed above, En is not directed to formation of a thin, high quality buffer
layer utilizing é silicon tetrachloride precursor in a field effect transistor in order to
prevent the problems associated with transistor gates having low quality, non-uniform,
thick, lower-k, and pin-holed dielectrics whicﬁ in turn result from randomly and

unintendedly grown thermal oxide at the silicon/high k interface in the gate of the
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transistor. See, for example, page 8, line 20 through page 9, line 9 of the present

_application. However, thé invention defined by dependent claims 2 and 9 claims use of
aluminum oxide, which is specifically suitable for use as a high-k dielectric over an ALD
silicon oxide layer and in the gate of a transistor.

- Dependent claims 2 and 9 require “forming a gate electrode layer ox)er [the] high-k
dieléctric layer.” In addition to the fact that En does not address the problems ;ddréssed
by the present invention, En does not disclose or suggest, for example,‘ use of silicon
tetrachloride precursor, nor use of aluminum oxide as a high-k dielectric. Moreover, En
does not disclose or suggest use of an ALD silicon oxide buffer layer formed with silicon
tetrachloride precursor and an overlying high-k dielectric layer formed with aluminum
oxide as parts of a gate of a transistor. As such, the present invention, as defined by
dependent claims 2 and 9, is patentably distinguishable over En.

Moreover, as discussed above, Kim is directed to sealing pores in a low-k
dielectric damascene process for forming conductive layers. As such, Kim specifically
teaches away from use of an ALD layer in conjunction with high-k dielectrics. For -
example, Kim does not disclose or suggest “forming a high-k dielectric layer over [the]
buffer layer, [the] high-k dielectric layer comprising aluminum oxide.” Further, Kim is

“not directed to fabrication of a field effect transistor or its gate, but to the formation of

conductive patterns in a damascene process. In contrast, dependent claims 2 and 9 claim

“forming a gate electrode layer over [the] high-k dielectric layer.”
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Kim is not directed to formation of transistor gates, but to patterning conductors.
In sum, claims 2 and 9 claim that the combination of an ALD buffer layer formed with
silicon tetrachloride precursor, and a high-k dielectric formed with aluminum oxide, both
in the gate of a field effect transistor, is novel and inventive. It is submitted that Kim
does not provide suggestions or teachings to cure the deficiencies of En. In other words,
¥ the general proposition that an ALD layer can be formed with silicon tetrachloride

precursor does not suggest or overcome the deficiencies of En discussed above.

CONCLUSION

For all the foregoing reasons, Applicant respectfully submits that independent
claims 1 and 8 are patentably distinguishable over En and Kim, either singly or in
combination. Therefore, dependent claims 4-6 and 11-13 are also patentably
distinguishable over En and Kim for reasons similar to those discussed above, and further
for the additional limitations contained in each dependent claim. Moreover, dgpendent
claims 2 and 9 are allowable for the additional reasons separately discussed i.n relation to
dependent claims 2 and 9. Thus, an early allowance of claims 1-2, 4-6, 8-9, and 11-13

pending in the present application is respectfully requested.
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This Appeal Brief is submitted herewith with an Appendix of the appealed claims
and the fequisite fee for filing the Appeal Brief.

Respectfully Submitted,
FARJAMI & FARJAMI LLP

Date: ,/(/0(
/S

Michael Farjami, Esq.
Reg. No. 38, 135

FARJAMI & FARJAMI LLP
26522 La Alameda Ave., Suite 360
Mission Viejo, California 92691
Telephone: (949) 282-1000
Facsimile: (949) 282-1002

CERTIFICATE OF MAILING .

I hereby certify that this correspondence is being deposited
with the United States Postal Service as first class mail in an
envelope addressed: Mail Stop Appeal Brief - Patents,
Commissioner for Patents, P.O. Box 1450, Alexandria,

VA 22313-1450

Date of Deposit: | C:Lﬂ; é 2 zw’é-
Lleslel L. NWG

Name of Person Mailing Paper and/or Fee

/1&?7@&\—\ 1/ [0 &

Signature Date
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APPENDIX OF CLAIMS ON APPEAL

Claim 1: A method of forming a field-effect transistor on a substrate, said method
comprising steps of:

utilizing a silicon tetrachloride precursor in an atomic layer deposition process to
form a buffer layer on said substrate;

forming a high-k dielectric layer over said buffer layer, said high-k dielectric layer
being selected from the group consisting of hafnium oxide, zirconium oxide, and

aluminum oxide.

Claim 2: The method of claim 1 further comprising a step of forming a gate

electrode layer over said high-k dielectric layer.

Claim 4: The method of claim 1 wherein said buffer layer comprises substantially

no pin-hole defects.

K/ .
Claim 5: The method of claim 1 wherein said buffer layer has a thickness less than

approximately 5.0 Angstroms.

Claim 6: The method of claim 2 wherein said gate electrode layer comprises

polycrystalline silicon.
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Claim 8: A method for forming a field effect transistor on a substrate, said method
comprising a step of forming a buffer layer on said substrate, said method being
characterized by: |

utilizing a silicon tetrachloride precursor in an atomic layer deposition process to‘
form said buffer layer on said substrate;

forming a high-k dielectric layer on said buffer layer, said high-k dielectric layer
being selected from the group consisting of hafnium oxide, zirconium oxide, and

aluminum oxide.

Claim 9: The method of claim 8 further comprising a step of forming a gate

electrode layer over said high-k dielectric layer.

Claim 11: The method of claim 8 wherein said buffer layer comprises

substantially no pin-hole defects.

Claim 12: The method of claim 8 wherein said buffer layer has a thickness less

than approximately 5.0 Angstroms.

Claim 13: The method of claim 9 wherein said gate electrode layer comprises

polycrystalline silicon.
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EVIDENCE APPENDIX

(NONE)
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RELATED PROCEEDINGS APPENDIX

(NONE)
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